Although circumstantial evidence has suggested that gap junctions mediate intercellular electrotonic coupling, it has not been possible in most tissues to exclude the involvement of other, coexisting cell junctions. We have made an electron microscopic study of replicas of frozen-fractured BHK21 cells (from tissue culture) and of brown fat cells of newborn mice. Both of these cell types are known to exhibit intercellular electrical coupling. In each case, the only junctions found between the cells are small macular gap junctions (less than 1 urm in diameter) characterized by clusters of 6-nm (60 A) particles or depressions on membrane cleavage faces. Several replicas confirm the association of these particles and depressions with regions of narrowing of the intercellular space, i.e., with the sites of cell junctions. We have also determined the frequency of occurrence of gap junctions on the membrane cleavage faces of both cell types. Gap junctions occupy about 1-2% of the surface area of brown fat cells, but only 0.05% of the surface area of BHK21 cells. These observations indicate that gap junctions, when they-are the only intercellular junctions present, are sufficient to account for electronic coupling between cells.
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Circumstantial evidence accumulated over the last few years suggests that gap junctions are the morphological specializations responsible for cell-to-cell electrotonic coupling (1) (2) (3) . The results are equivocal, however, because the cells studied are also joined by other junctions: by zonulae or maculae adherentes (desmosomes), or by zonulae occludentes (tight junctions) in vertebrates (4), and by septate junctions (septate desmosomes) in invertebrates (5, 6) . Perhaps the only case in which a gap junction is the sole identified intercellular contact between coupled cells is that of the septal synapse of the crayfish (3). Dreifuss et al. have shown that electrical coupling between heart cells can still be observed after the desmosome-like components of the intercalated discs have been disrupted by treatment with medium containing a low concentration of calcium ion (7) . We have attempted to test directly the role of the gap junction in electrical coupling by studying tissues in which no junctions other than the gap junction have been found. In the present communication, we report the results of a study of cultured cells (BHK21 cells, derived from baby-hamster kidney fibroblasts) and of interscapular brown fat of newborn mice.
Electrotonic coupling in these cells has been demonstrated by Furshpan and Potter (8) and by Sheridan (9, 10) , respectively. In spite of careful electron microscopic investigations, neither tight junctions nor desmosomes have been described in either system. The use of freeze-cleaving (11, 12) , however, has now allowed us to clearly demonstrate the presence of small, but characteristic, gap junctions in both types of cells.
MATERIALS AND METHODS
The BHK21 cells were obtained through the kindness of Dr. E. Furshpan and had originally been derived from the American Type Culture Collection. The cells were grown to near confluence on glass coverslips in Dulbecco's medium. For conventional electron microscopy, they were fixed in osmium-glutaraldehyde (13) The interscapular brown fat of 2-day-old mice was fixed either in Karnovsky's mixture (14) at full strength or diluted to 50% or 25% strength, or in 2% glutaraldehyde in Earle's saline. For conventional electron microscopy, the tissues were postfixed in OsO4-collidine, treated with uranyl acetate, and embedded in Araldite (15) . Thin sections were stained with lead citrate (16) . For freeze-cleaving, the aldehydefixed tissues were placed in 25% glycerol in saline for at least 1 hr before etching in a Bullivant-type apparatus (17) (Wolken and Revel, unpublished) or in a Balzers Freeze Etcher, operated as described above. Before digestion in Clorox, the tissues were defatted overnight at room temperature in dimethyl formamide.
RESULTS
Electron microscopic study of thin sections shows that the overlapping portions of BHK21 cells are usually separated by an extracellular space some 500 A wide. Occasionally, the space narrows abruptly and the plasma membranes of adjacent cells appear to come into contact or near contact (Fig. 1, insert Fig. 1 . The A face (particulate face) of the membrane includes a macular gap junction, characteristically composed of several groups of particles. Each group contains about 5-20 particles, and is separated from other groups by areas devoid of structures. The particles measure about 60 A in diameter and have a center-to-center spacing of about 80 A. The particle-poor halo around the junction is also apparent. X 150,000.
FIG. 3. High-magnification micrograph of the B face (pitted face) of a freeze-cleaved gap junction. Notice that the organization of pits into small domains is similar to that described for the particles on the A face (Fig. 2) (9, 10) and no desmosomes or tight junctions have been found between the cells (9, 23) . We have observed occasional gap junctions in sectioned material, but they are too rare and too small to allow complete and unequivocal characterization.
Freeze-cleaving of brown fat reveals numerous gap junctions, composed of small clusters of particles on the A faces, and of pits on the B faces of cell membranes (Figs. 5 and 6 ).
The junctional maculae themselves are small, ranging in diameter from 0.3 to 1 Mm, and are much more numerous than those found between BHK cells (Figs. 1 and 5 ). The characteristic particles of the junctional arrays are often, but not always, arranged in small domains separated by spaces devoid of structured elements. Since brown fat cells lack obvious polarity, all the plasma membranes can, a priori, be considered equivalent, and potentially capable of forming junctional contacts. It is, therefore, relatively safe to estimate the fraction of the surface of a cell involved in cell-to-cell interaction via gap junctions by an examination of randomly exposed membrane faces. We calculate that in brown fat, roughly 1-2% of the cell surface is devoted to gap junctions. 
